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An Economic Analysis of Double Hulled Tankers in USA

Ah Yeong, Han

Department of Marine Business and Economics,

The Graduate School, Pukyong National University

Abstract

While much work has been done in analysing the effect of U.S. Oil
Pollution Act of 1990, little research has been ~conducted on the
cost—benefit analysis(CBA)“ of double hulled tanker’ s requirements in
reducing marine pollution.

The main purpose of this- study _is to estimate the economic value of
double—hulled tanker” s requirements. In this paper, a chow" breakpoint
test and a cost—benefit analysis(CBA) are conducted on the double—hull
tankers requirements in the U.S. Oil Pollution Act of 1990.

As a step towards the incorporation of economic analysis, this study
considers the cost and benefit components. Benefit elements include
prevented oil value by ‘reducing oil spillage and total cost’ s reduction
value as the sum of all costs.such=as-clean=up and preventive measures
cost, socioeconomic cost, environmental cost.-Cost elements include
increased construction cost and increased operating cost of
double—hulled tankers than those of single—hulled tankers.

This study presents the optimistic scenario, the conservative scenario
and the intermediate scenario. As a result, the benefit—cost ratio(BCR)
of the conservative scenario showed 0.89 while BCR of the optimistic

scenario and the intermediate scenario showed 1.43 and 1.06

_iv_



respectively, which mean the economic feasibility with the discount rate
of 7%. It is judged that the double hull requirements for tank vessels in
the U.S. Oil Pollution Act of 1990 will result in economics. Therefore,
the analysis results indicate that double—hulled design appropriately
reduces the oil spillage and contribute to protect the marine

environment.
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1 AA AEFFRE] e AREA

FA R T G 2] T

flo

Az Dge fdFrFazel wa At
(ITOPF, International Tanker Owners Pollution Federation Limited) 2] +F
A% S, mpA el ofs] S et rEARLe] st FAAEE EY
2 A8 1970 ol % MA siFiRE Abarel gk 10d @9 AT
Abal R AL 7 HES <29 3-1>3 2ok 1970d el 7008 o]
o FHAFEARL A57F 24570 (54%), 1980 ddielli= 94%1(21%), 1990
el 7784 (17%), 2000ddel= 357 (8%) 0.2 A&H 0w FhAaskal 9l
™

s

. 20009t = 1970 el vlaf 7uivt AAl FEARLZF 2SI

lo o 1o

2000s
35 incidents

| 19705
245 incidents
54%

<713 3-1> 10 &S O F-R=(00% oFd) 2 73472} v1E-(1970—-2009)
A+ ITOPF, Oil Tanker Spill Statistics 2013
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19709%E 2013@7kA 7% o4 700% wwhe] F7hfR el 700% o]Ake]
Qs F5 SAASFE ol <a¥ 3-2>¢9 Zu SR "
197090 543704 2010d el 27wy 22 20707 A&HAHo7 FhAist
I Sl FAlolth 7T00E o3l diarE fEARA HEFE 1970

201099 (20109 —2011 ) o= 87102 30wl HAsHS ok

600 -
H7-700&

500 - B700E %7
s 400 -
=
A} 300 |
3L,
A
4 200 -

100 +

0 - [SS—
1970s 1980s 1990s 2000s 2010%

<I¥ 3-2> E7FET=700%) &} thtE (700 o)) 5= 28 A5:(1970-2011)
Ztg : ITOPF, Oil Tanker Spill Statistics 2013

o2 AA FRfERel teiAEHE R, 197047 E 200997k4) AlA
Bl 3 109 ol HIES <IH3-3>7 Zrh1970¢dd #Ay
& FEFS oF 3wt 2" EOoR A G=H 56%cl gstar, 1980dTh
of 1uint 23 =o= WA FE&2 20.5%° sttt 1990

o7 AA FEZFS 19.8%, 2000dthell= oF 23 =

AA FRFEF BT 7 Atdss TRV E A EH o7 ghastal glo

W 2000d e 1970 )] M3l 15ML B fR7} S5 Ak
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A A - FEAFL7E DA Fo 998 FE=(allisions/collisions), %
% (groundings), AAZAE (hull failures), &1 A3(equipment failures), 3HA|
1 Zuk(fires/explosions), 7]EH Y& (other/unknown)©] o™, 7]efQl
= 71tk 1%k Abael 17Ee] e#E I gE AuE XY fRGEF
A7)l wel 7E R AR, 7E o)A 700 mvRe] F R, 700E o449
R fFEARaLe] s AAl S FRRrEe] el disiA Au R ts <
d 3-5>, <I¥ 3-6>, <I1¥ 3-7>3 #r}

BE A9 95%E AR FFR9 %%Pr% | @Sk, 5%uo] thatR
FRFES AN Y TE uvke] AR f-E3AF0 B9 71 9 ol E o)

64% % tFEE At Qlow, ol & Agsls u gnjAde] 21%=2 /M3
By, 3o w2 AxAge] 7%, A2t 3%, TE ﬁ}H g Fto] 747t 2%E
AA BT 7TE ol 700E mINEe] FAtR fEAFLS A9E 28%% 7IE 4
AdE=d s AYsiie W, T=3 F27F 424 26%, 20%=2 ARk 7H7ko] 2HA|
st o, Anjdsgto] 15%, AAAgel 7%, A B Fwto] 4% A3}
700€ ©o]4e] thitE fEARLY A HE27F 33%E 7HE @R, FE0]
30%, AAAste] 13% % A 8k3l .

7l duEw
GELA

I =2
2%

FE AT
21%

<19 3-5> 7E "R MAFFFE AP (1974-2013)
Ztg @ ITOPF, Oil Tanker Spill Statistics 2013
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20%
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<I1¥ 3-6> 7¥ o]A 7008 mIwte] AAfFAZ A9 (1974-2013)
Ztg : ITOPF, Oil Tanker Spill-Statistics 2013
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33%
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1967d E] /YA (Torrey Canyon) & Abal o] WA8s MA Fo f7
Abarell ghehk @Ok obge] <& 3-1>7 Zth AlA Hd FFFEAILY Ol
g OﬂEflﬂi(Atlantic Empress) & AlalE 1979 AQlx9 Euly FLo
A kst o & He 289 7% EOoF . 1989 w|IojA A3 A&
w2 35 (Exxon Valdez)fﬂ fFrrEd 3%t 73 =9 7.7, 2007d -2yt
of A WAyt swlo] A¥EES (Hebei Spirit) AFLS] /A%< 19 14 &
o 27ufel ettt

e

<GE 3-1> 78 #F FFE AP (19674 o] %)
o = \=]
€9 Az de eE A2 e
1 Atlantic Empress 1979  Off Tobago, West Indies 287,000
2 ABY Summer 1991 700 nautical miles off Angola 260,000
3 Castillo de Bellver 1983  Off Saldanha Bay, South. Africa 252,000
4 Amoco Cadiz 1978 Off Brittany, France 223,000
5 Haven 1991  Genoa, Italy 144,000
700 nautical miles off Nova
6 Odyssey 1988 ; 132,000
Sﬁcqtla, Canada
7 Torrey Canyon 1967 /Scilly Isles, UK 119,000
8 Sea Star 1972 | Gulf of Oman 115,000
9 Irenes Serenade = 1980 Navarmo Bay, Greece 100,000
10 Urquiola 1976 La Coruna Spain 100,000
15 Aegean Sea 1992. - La Coruna, Spain 74,000
20 Prestige 2002¥ 01 Ciligia Spai - 63,000
“Prinece William Sound, Alaska,
35 Exxon Valdez 1989 37,000
USA
131 Hebei Spirit 2007  Taean, Republic of Korea 11,000

A+ 1 ITOPF, Oil Tanker Spill Statistics 2013
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Coast Guard) 9] w|=olA EAsE QAL TAFS g o ® 4 gt}

= A fE e Y st
Water Act) & ¢#x AT dodWAH (FWPCA, Federal Water Pollution
Control Act) olA T 3kal itk 19729 AW 223 (FWPCA)°] A7
57] o) d7HA AL AT gL 18999 #HYIEW (The Refuse Act) ¥} 1924
do] f7F2%9H (OPA 90) o sl o]Fo 5t}

1973dHH 2009E7b4 B fFEAL AFE /FF A7l wek el
JWEZE S <% 3-8>3 Zuh HauAe] veRd 7]17F Ek oA wkag
S R EANLE OF 90%7F 1487 o] 100281 mvke] AqtE FEAFILEN
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25 USCG, Polluting Incidents In and Around U.S. Waters, 2011
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1973948 2009d7kA4] #A¢t §FEFS F5 A7)0 wek b a8 Es
U5 <29 3-9>3% Atk BiuAe vehd 7|3F 9 AA FEFE] 67.8%7F
100,000 € o] Ao thatR FEAFE Qs gtk 1991958 2004 A
olei= 100WF ¥l o]Fe] fFol flo, 20059 YAI FHEL
(Katrina) 2 <18 <F 8005+ 70| Fojx|oji} Fo| A H-E Lt

25000000
u1,000.000+ 2=
%100.001—1.000.0002 %
ct ©10.001-100.000Z %
®1-10.0002¢
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oft iy S

10000000

2000000 +F ¥

<I¥ 379> FEI7) e F=20A973-2009)
2+ : USCG, Polluting Incidents In and Around U.S. Waters, 2011

Al e vx HFFHFGE AlALF 9 FETS
<I2¥ 3-11>% 2t} 19739 5E-200997HA] A F& ARLAdTE vl&Fx
A(34%) ol &l 7 o] AN O H, 25%+= ¢ 4 8l 2
a, 6% VA, 5% 8] A¥E, 3% A gho] el o
o G2 Aee FHQTR Ol g 7HE wol fEHAOH, 22%% Al
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3% ] Adute] oa fE=H U
dQle] W& m FhE A4 v 2 gl 7Hd wol 1Ay
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A% 1 USCG, Polluting Incidents In and-Around U.S. Waters, 2011
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Ebth, Ag g AlnAse BFUF 1574 (52%) 07 b weka s 807
(26%), W& 367 (12%), 119 2074 (7%). 71EF 1171 (3%) =2
SEvete] SdFFE Al 998 FEF 9 FEAFL
200358 20129704 A e Aty F oo ® wAe Afae] A F
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o]Z A4 (Double Hull) T&+= 7]£9 3 Ho A4 |01z Tl dA) 9k
g AAo s W SES Yol e F FY ARoR = FRE, FE
T #Hx Abarr @Agste] AA el ARyt EAEGEE AAWde] 75+
2 Yol 34 WA= RS HHo 7 )

% coal.lgo ((:)al:'gﬂ / 0il q—-.(.i‘iﬂf'*-n
% ot
7 f’/// "
7777777 77 7777

Double hgll Single hull or mid deck
After grounding After grounding

<" 4-1> 2 F o|FAAS GdAA FE2A v
A% : DF Dickins Associates Ltd.;- The double hull issue and oil-spill risk-on the

pacific west coast, 1995

FAMAZIFIMO) & FF Axdord-Ade A gsok & FA12Ql Wetow
o] Z A A% (Double hull construction) &  F7HFF 2 (mid—height deck
construction) & AGetiL Aot T[T = ASFLS olF Lol AN vpE
G Tz FETIEAS AT SR Blaste] o] F A T2
545 AHEY vs3 29 (dF524, 1992)

AR, Axv] L] SHAA o]FHATEE V& FE2Ae vlste] oF 15%9]
dejulgo] WAsHARE dx A 9 V= FAHoE AuA AAVFsAel
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E
SHoA o|F AT FU FxREo] (IHstERE Al FHo] go
3t A dEEo] ¥A ¥or 3ES neagdzE 1Y 7Y (Heating Coil) 9
ARl FaElshd AUl A 2 Al W7z (Cooling) ©] o thi= Al o] Sl

=
AT A AW sl Sk o] ¢ AV HER AFE0
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ol FHEA Ak B3 AA™ et A4 AYEHER 7t 5 AA
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2 oA Mol
olste] MM wAF WL Felel FEsht P&

A7k BaksA &7 wg W fAeE wst,
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2. o]FAAY =] 2 #H3IY

1989 349 24 defiavh ZTRA APt ARREelA 1,090% Ao A
&3 dE W= (Exxon Valdez) $9] FHxAta = oF 329 o s)|%f

A Fai7F wAasksih dE dul=s AR o] w=23]= 1990 8Y
29 (OPA 90)2 a3t

7AW (OPA 90)2 7 #E= st

317] Skl A RAA ol AL AL 2 Qe et
59 AR Folstx Atk BAY FF 29 WAL B3] A% FYr
o AT WAL A Pob FARI BN Fott AYEANT B
2ol Ex Ry =

FastAY AA W9 Fd £ YA AHE Asehe
5183t ot FReAHS F 40, 3370 x2EolH
A1 E 729 Y 9 B3A(Oil Pollution Liability And Compensation),

A7l A& Bd = T Muzk TS THA-LZ%k Al Tdd 23

o] o
==
8 AFAE AL

(Prince William Sound Provisions), #1373l 32174 (Miscellaneous), #l
4o FRedel At A 2 AL A= @3t 74 = (il Pollution
Research And Development Program) = /d %] SQlth

TF2AH(OPA 90)¢ 2% F fih= Alnds 2 FE53FS A2A717]
st 2ol A4 ol AA &7 e (Establishment of Double
Hull Requirements for Tank Vessels), f=ddel st 4 2 X
(Source Control and ‘Containment), S}EAAE AQs A Fx4dd il
23 #Holed Anvg) AMAE R Q%A (Emergency Lightering Equipment
and Advance Notice of Arrival Requirements for Existing-Tank Vessels
without Double Hulls), °o]FAAE A&e-AL w2l o2 Ry FRFE2 2
2A717] 9% 949 %X (Operational Measures to Reduce Oil Spills
from Existing Tank Vessels without Double Hulls), &7}, T%¥A 181 A
4529 A5 (Licenses, Certificates, and Mariners’ Documents), 52 2%
Aae $% A A< (Financial Responsibility for Water Pollution Civil

Penalties), =748 W t)-SA| A8 FF4 o2 AlE (National Planning and

4) 33. US.C. § § 2718(a).
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Response System: Tank Vessel Response Plans), 243 A|dd-&-A3
3to] An] 4l QlA} @ %A (Equipment and Personnel Requirements under
Tank Vessel and Facility Response Plans)©] 0.1, o]o] tjst a3= A
gt oS <& 4-1>% Zrh

= Fae ¥ FE FFLYWOPA 90) A =T F

A ol A ez Aslel Wi adtel whsl ATkl

re
r2
-
s
Jo
1
Jo

<E 4-1> 24 9 apAde] g f7edy 3 =39 &

OPA 90 2A 5 Zad d9g  F2A4 8sRA
R E AR
90-051 Double Hulls o = o 2 2
CHEE R
<k AbgaE 52 2 2
Spill Source Control and CHRFAE AlAE L 2 2
90-068 SCC -
Containment - HEE Y 2 2
wEY B A 2 2
Lightering .of Single Hull CERE AlAS ¢ L 2
91-045L 5
Vessels CFEE FEE < 2 2
- A ARREZ] 4 L 2 2
Operational Measures for N A
91-0450 Sinede Wl 1 | e AR 4 4
ingle Hull Vessels |
CwEE AR 2 2
91-211
Adk ARRARE S 2 L 2
91-212 Licenses, Certificates, and _
: ; fHF= Al @ 2
91—-233 Mariners’ Documents L B e
2% 5% 2 2
94-101
Agk AR 2R 2
91-005 Financial Responsibility FFa=E Alnd s ¢ ¢
=8 FHF 2 2
FHFF= Al @ 2
91-034 VRP Vessel Response Plans =8 7% L g L g
=¥ 77 I 2 2
91-034 E&P PWS E&P Requirements =8 7 3% 2

A& @ National Transportation Systems Center, OPA 90 Programmatic
Regulatory Assessment (PRA), 2001.
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FRLYYOPA 90 & AAAUEARA AT T2 DAY A7
AGSAL FRODES AT A9 TR AAHE A ez A

2 Ab8) 2o ddn FAMNSY FRE AESD JFHAELL 8 o
dﬂxﬂc EYA WE ZARY AT 9% JTE 24T

_‘a

sk & o] F XA

Z9] Auro] §7299 HHof 7t Ay olAAE el wE At

<>ﬂ 7}242—2 HE R Aoy ddsiginh. o]F A 8118 1990d 6€¥ 30
o] Fof MFHAY 1994 1€ 1Y o]F JA&d 5000w o2 BE Fx
Aol tisll o]F A Al (Double—Hul) 25 o5F3}sta QIths) vk z Aleko]
1990 6€ 30Y ol AAHol 1994 1€ 19 oJA7A ALFHA P
5,000E o]A4e] RE A xME o]FMAE ztH ot a1 5,000% w|wke] AlzA

A A o]F A A&st= olF AW A& (Double Containment
System) & Zt& FE QU6 o]&k FAle] 20156W7HA] & @ A F=x

of tig GAA AE ST v= 729 (OPA 90) o gk CQ’\L?]
F2A HEYAS S <FE 4-2>7-Zow, 2015 191 o]Fo] vd A

A Fx ZAL = o el ARt 2 == St

1o
Jo

5) 46. U.S.C. § § 3703a(c)(3).
6) 46. U.S.C. § § 3703a(c)(2).
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<E 4-2> 7299 (OPA 90)9 ddAA x4 HEUH

S HA A A dAAA (o] F Hle =E AS)
Qe 5000~ 15,000~  30,000GT 5,000~ 15,000~  30,000GT
15,000GT  30,000GT or More 15,000GT  30,000GT or More
1995 19559 o] 195549 o] 19679 o] 19509 oA 19509 o]d 19629 o]
1996 = 1956-1957 1956-1958  1968-1969  1951-1952 1951-1953  1963-1964
1997  1958-1959  1959-1961  1970-1971  1953-1954  1954-1956  1965-1966
1998  1960-1961  1962-1964  1972-1973  1955-1956  1957—1959  1967-1968
1999  1962-1963  1965-1967 1974—-1975 1957-1958 1960-1962  1969-1970
2000 1964-1965 1968—-1970 1976-1977  1959-1960  1963-1965  1971-1972
2001 1966 1971-1972 1978 1961 1966-1967 1973
2002 1967 1973-1974 1979 1962 1968-1969 1974
2003 1968 1975-1976 1980 1963 1970-1971 1975
2004 1969 1977-1978 1981 1964 19721973 1976
2005 1970-1980  1979-1980 1982 1965-1975  1974-1975 1977
2006 1981 1981 1983 1976 1976 1978
2007 1982 1982 1984 1977 1977 1979
2008 1983 1983 1985 1978 1978 1980
2009 1984 1984 1986 1979 1979 1981
2010 19844 olF /1984y o} 1986»3 B 1980 1980 1982
2011 [ 1981 B 108 1983
2012 o 1982 1982 1984
2013 \ i 1983 1983 1985
2014 ‘ - 1984 1984 1986
2015 : 10844 o1F 19844 o|F 1986 o) %

25 46, US.C. § § 3703a(c)(3)

19999 FE 201197HA vl &Fo-dA 24 g ojsdA 7|I34-8 F
3 o)Al T2 oFste] AWAAFS AEEw o <O 4-2>8F Erh
19999ell= A 71@3l5 oin] o]F A 71&3l7F oF 40% AT 20119
= oF 98%%9 S FAT = Atk 99 <FE 4-1>olld FAs Lol 20159 1€

5 0 RGTAE o] FAA FEAW £FT F AUk
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25,000

20,000

5,000 -

1989 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Az

Wl 719845 wolZAA RS

<18 4-2> n]|=Zeo AA W o|FAA 7|3+

A& @ U.S. Department of transportation, Maritime Administration, 2011

1991 STAENA] - (IMO) - AFsE 3l F 373 2.5 99 3] (Marine Environment
Protection Committee, MEPC) 2] A131at sliF3kd w93 32k 19924
A322F MEPC 3]8& &3to] w|=2 O]%’d‘] TELA FS =A| A s}et
Kk 1§ 20039 1249 AN Atk e dupA et At HE &
skt =AALZIAH(IMO) &) GdA A 2 HEUW W GAdHA Fxi
FHl g RS b <3 43>, <& 4-4>3 Zoh

SABAZ G (IMO) & ZHel 28] 1elhal Feks A fx24 F 1982d 4
2 49 o]He] Qg Autel disfA= 20059 49 5U7HA 198249 44
o] o Q=g dute] "413]17\15 20050l E St e S A STk FhE ] 2 ¥
20061 49 59H-E 20109 7HA] ©A|Z o=

. FEYL FUFAALCAS O TS B
o AyE v FheH gl 29 39 fxAdel 2015W7kHA HE= Awo] 254l
S99 29710S A48 5 vk
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<E 4-3> FAHAP]ITFIMO) 9] @A A 24 HEYH

HEd= el 1 Fhelze 2 4 3
200549 49 59 1982 4¢€ 4% o)A 1977 42 49 oA
20054 1982 49 49 o F 19774 48 AsL eIy
~19784d 1919 o]d
20064 1978d 2 19799
20074 19809 ¥ 19814
20084 19824
20094 19834
20104 1984 o] %

A7 Auksoke Aubx|gor By [ F& 13g(3)

<E 4—4> FAHA]IFAMO) 9] @A A Fx24 JHe g T8

9 PN LT TS
MARPOL ¢k B&Ex 19 A1(26) & ol Aolg Az

L3& WEekA @ Ao R, EEM Af, dEF, T

oo
o

ot e

e g1

lo
o

MARPOL &oF B&A 19 #A11(26) 2] B8 Ax4
nssle Ao 2 e AR A5 4, T ©
] ol¢]

QAL

- =

5 ke 27 DYl o]/28] iR 7
=
L

2
=
£

ZHearg]2

o
Mo et

Zhelare] 3

F o bl 1o sgEe RS oiR 19829 ol xE Hufow R
g AE ®A(SBT) 9 BEA w2 (PL) 17d& A&8kA = Advtold, 7heare
2 vk 1996\ ool Axd MutoR SBTe} PL 13 w5ate Alutel
g AdutsFe A A H R 454 T 91F 132(3)



FHATS 20029 11€¥€ 139 AHQD A&EH 7F2AJof AQbolA] A
G54 ZHAE A (Prestige) & JAEZ 69 3,000E2] 7)E0] efjgor F=5
o] 209 fZ27F 9@+ Jal7F 28R 20039 7€ A oudk dAdAA Fx
Aol S AE 22 & 10¥%E 23t vﬁjoﬂﬂ TAZEA 2] AL
AAA FxA 27EHEY AR SFFA oIt F, dgs A =dst
Auke] s = 71 A3 #AQle] Z7]9 ﬂ‘Mﬂ , dHAow gt
FAFE o]F A FExA Mt &5 EE = Zo] EU Al g &
Aol fFdAte] dd A fx4e e el FE2 A AT (IMO) 2+
A3, fydAse] dUdMA F2A EHETHLS S <E 4-5>9 @k

<E 4-5> AT ddXA F2A4 HE A

HEd= el 1 ez 2 & 3
20034 1980 o]A 19753 oA
20044 19814 19764
20054 19824 o]% 19774
20064 1978 9 19794
20074 19809 2 19814
20084 19824
20094 19834
20104 1984 o] %

_Z,_

D OwE o] e FHYdE BTk, fFwdol AFEEA ofdsta sERA W 4
ole] WA o|FA i o]F H@e HAx AL FFE 25A ohst 3
293 A Aol AR o)FEde. Az, deil AdRsiere durger
(MARPOL 73/78) %41 NA 183G 713 .10 &Y HA =1S FFskA of
Yshks ZHelaze] 2 2 39 e A, 201599 Adut <l T
EHE 26do] meer @t 7], we] SEe ERbA] & 3

A& : Regulation (EC) No 1726/2003 of the European Parliament and of the

Council of 22 July 2003 amending Regulation (EC) No 417/2002 on the

Accelerated Phasing—in of Double—hull or Equivalent Design Requirement

for Single—hull Oil Tankers
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Chow @874 HF5L 19609 Gregory C. Chowell 9air Z=d =
o7, SAANHE VIFoE FAstuA o= B digte] FAACE o
T34 WgtE #AS5skes FAAY 7IWelth diy-iE A (breakpoint) > 73 A,
2 e 7)ol AR R F st ofw ARz e ofsl 2 HH T

t=1,--,T o 43 ANAGAZZE FAH A& W, o 3723 T
ghell digt x4 WHFol gy +1 A ATy 7Hgstd, A BES

e

t=1, - ;78 SAZET ¢t = ¢, +d7 -, TS SRR R F7T
ATH wheE 27 Wizo]l FQsithE T 7 3RS AE o8 IFRIES
ZHAA & Aola vt o] F Je] B Fal Fsto o st
t=1, -t o el g, :5(()1)+/3§1)$1,t+551)$2,t+3t (#/5.1)
t=t,+1, -NTol o8 y, = 62 + Bz, + B 2y ¥, " (A 5.2)

S P2A WMEe]l FREA-GI G ohelER AT R0l FAstrh,
ge %

%3 F7stelof Tt

t=1, -, TANN y, =6, + B2, + Boxy, +& (4 5.3)

(2 5.3)9 mye g =52 =5, % gt =4 =g 2 Aeko] FeojF BFY
o= & Aok (restricted model) &= ZFFEsth wbd (A 5.1), (& 5.2)=

[e2

¢



o] opfid Aoko] Fps A A ob2 Flo]7] wiite] Ak REPow ThFSit,

AAD AR FxA HFAE AT Sleto] AFRF L] A H7A (=
SSRp) 9F F AR F O] AR F AL FH(=SSR+ SSRP) S wlwste]
Mgk olu) Agsts AFEAFS o A% Pk

_ [SSRy— (SSR{M+ SSR?))/ (K+1)

(SSRMV+ SSR)/(T— 2K —2) (3 5.4

o, K& 2832 Add SHusr 5
el Feig A wWall fw 19% Zo] ehgstoh, FAE mYe (4
5.1), (4 5.2)9 SSRY A= AFRH (4 5.3)° SSR¥} AL oo} 3t
o Rid 2 Aol Fask slojekd Prxﬂ@hiﬁé% Fol ARE AR PR

A Zlojal 7 Aok B SSR, S FAl= AFEF ] SSRyET A=

2) ASEd 24 ¥ F94%

Aol e v FFed9H (OPA 90) Hae] we o|5AA oFsiz <l
3lo] Sk FEFY X% W (structural change)®] £A5t=A9) o=
sHstr] flsked 1980dFE 2009d7hA 8 Z|Zkel disll Chow WA S
(Chow breakpoint test) < =38} t}.

B Aol +=1980, ---,;2009° AR v sk
g3 o8 T4 T AH R S-0PA 900 g
9 ar, AA BEZ|ZHE s OPA 90 2 oA 7]17+l ¢, = 1980, -+, 1990
2, & oF9EES OPA 90 & o]% 7]zl ¢, =1991, ---,20092] 7|{FO.=2
ASS Yske] 1980dHE] 2009744 w]=oll A vt

1= (NUMBER) ¢} &l &+ 7-+% % (VOLUME) ¢]

EX
28 AFgEtel AAD AN AN

=0
s T
9

21
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12.000.000 600

10,000,000 500
8,000,000 400
6.000,000 300
4,000,000 + 200
2,000,000 100
&2 a¢

<I® 5-1> oA B FZ2H FRTEFd AFLd 4 (1980 -2009)
2+ : USCG, Polluting Incidents In and Around U.S. Waters, 2011

AA712E1 1980 Bl 20097k vl el A BARE Fx24 HF7tEAt

A58t fFEFl gt 2UEs <a" 5-1>7 2 49 JHEE AR
a

OPA 90°] 2R =7] o) 7|7l 3} F& o5 7] tyoll thet Zpzh A7
d AREY VE2TAES BE KFE 5=1>, <3 5-2>8 At iR =T
o] ¢ OPA 90 g o] 7|3tell= Bk 29RE 6587w olA] OPA 90 U=

o|F7|7rell= He 1176 AHO R OPA 90 FFO|F s|kgFaEo] oF 22
WA E fE5o] #gAsdh dldf-F7iE A 4% OPA 90 #a o)A
Jé o:

713kl = 2Gﬂﬂﬁ(WAQO%ELQ?EBﬂ2i9$ZWHQia
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<E 5-1> OPA 90 ¥g ol 7|7te that A AYE A5 725 AZ

TE B TR HAd#E  H:F® FFEA 4= =
NUMBER 266 238 547 158 117 148 413

VOLUME 2658917 1,219,922 11,272,320 145,822 3,256,563 188 551

1) NUMBER : 19808 1990E7bA] wl=roll A A%k {2 sfdfFiEAtnds
F2) VOLUME : 19809%-H 1990G7kA] vl=elld 2% f-24 sjdF7rEs

<3 5-2> OPA 90 ¥rg o] 7|t tist AALE Ax 7 Z2EAZF

TE B TIF HAdFE HA2:H EEEA 4= IE=
NUMBER 98 95 220 28 61 047 199

VOLUME 117,429 56,673 636,834 1,337 187,286 2.15 6.30

1) NUMBER : 1991 2009d7H#] v spella A frad s S 7-rE s

2) VOLUME : 1991d%-¥] 2009974 w]=ellA AT f-24 fSFFifE%

T AAE AR MY S st flste] Wl A AAlsiinh B4
& AAE 287 BRI E AS 1 AES AR B A 7 HEY
o] M + o AAG IARAY B dSZ AT WE FLeTh
B Aol 9 ASHHS  Augmented Dickey—Fuller (ADF) = #H53}
Pillips—Perron (PP)  AZ9 F 7FA| #HH S AFESl9th Al A<D x5 st &
A 24 AN vhe <& 53> E

<E 5= AlAIE Aol tigt @92 A3

e ~mA ] 5w es
NUMBER —4.967#%x* —4.24 7%
(0.0000) (0.0025)
VOLUME —3.410%%x —3.394 %%
(0.0014) (0.0014)

GOl AF A3y, &A1Y 715 (NUMBER) &) #5524 3= ADF #AZoA -
496702 1%°] FoFTolAl 717 s o] @o] AR e Ao = YEY:



ow, PP ATANAMNE -4.2470% 1%°] FoFFelA 717t o] ©elo] EA st
A ke A AAEE YERRTh &% (VOLUME) o #5427+ ADF 4
SolA —3.4100% 1%9 fFeFFolA 717hEo] delo]l TAsHA &= 3o
2 UEha, PP HEAAME -3.3942 1%9] FoFFollA 7175 oAl
AALDR YRS
meba] 2 Ao = P A AE FEANY U5 (NUMBER) 8 F&%

(VOLUME) ¢] A8 5 AFg38le] Chow @23 5SS AFgste] B4 v
2 OPA 909 Wa7l F23 AFfdolar OPA 90 ¥& o]d 7173} OPA 90 ©H&
o] F7]Zke] B gho] gEbHitid, T JNe] sk EaEe Ty o] AR T
3| ANEGS A @ Aol

t, = 1980, -+, 199000 &) VOLUME, = )" + 3"’ NUMBER, +¢, (# 5.5)

t, = 1991, -+, 20090 &l VOLUME, = 3 + ) NUMBER, +¢, (* 5.6)

T2y OPA 90 aehe Able] FQskA ¢a 7 ak9liEe] il 29
Qe ol Fdstvtdy e 22 sty Bda ZHA 2 Zlojo

t =1980, -+, 2009 t}3l VOLUME, = B, + 3, NUMBER, + ¢, & 5.7)
AAE 259 7248 MBS A5 f1dh BEE AT s (& 5.8) %
Fag=3

_ 185R, — (SSRIV 4+ SSR{?)/2
(SSRH+ SSR2)/26

(2 5.8)

W e x4 WS Qlan Alekxzie] getuid, FAlek REdd (4
5.2)9] SSRE #AE AFRHA (4 5.3)9] SSRI} 79| Folofp T

o] TaF ZojT FAGRYEL Foj ARE AFRI R

A Ay Aol F FAG By SR, AL AR SSRyEU AS
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3) ATEE #4443

H=re] OPA 90 ael w o]FdA] &3tz Qlate] sidFrrE=de T
A W% (structural change)©] £ =X2] JHE &2lstr] £3ste] 1980d
B 200949714 2] 7|zt ths] Chow ©& A 7% (Chow breakpoint test)=
kit 47132 1989 H-E 2009d7kA 0w, vl= dF FFAEF Al
gol thall Fo3 $45 F= AF (DS OPA 90°] a 591 1991

% S
= 7Pttt Chow W4 ASd vz <& 5-4>9 2t

<¥ 5-4> Chow ©4d7 #A=Ax

A3
AT+
F—Statistic Log Likelihood Ratio Wald Static
e,
No Break
AtOS re,af, Sd 4.4892+% 8.8990% 8.897 8+
peciie (0.0211) (0.0117) 0.0112)
Breakpoints

Chow @&H A A3 Chow G2F HFEAZT Fato]l 4.4892%2 5%
o)A o] TAsHA etk AT 7ML ZI A E T whebA MA] #
A1712Q1 1980l A 2009 7k<1e] 713F &<t BS99 (OPA 90) &
1991de] s frEAralel thet s =32 3 ARF el st

_%%
HAAe oJulats Ao w BAHTH
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gt FAEY= THAZFAY (Net Present Value,
NPV) ¥ YF4°]EH (Internal rate of return, IRR), HAJH|E H|&
(Benefit/Cost Ratio, BCR)¥ o] k. =@ A7 He] /MdA o=z HH9] 7Y
oA Nk thie] EA A oY VIS A ARESkE ol FAFAA ] w
o] EEAA stellA o] Fo#]7] wito]th

THAAZIAH (NPV) 2 7= & vd da 552 dA7FA] (Discounted net
cash flow) &, FAZHFH 7= w259 AAZEA| A FAH] &S WA -
b AN S ek A o 2o U% B= #He, C& H&, r& 3
7ot m# o] 7HAS AR R A gk lE&olt.

L

n (B_ C)f n NCFf
NPY &8 Tt N Tt g
t; (1+7) . St )t 0
== 0’ 1’ )

SHAZIXHORE Higks Hrlske 7l NPV #teo] Sk (NPV>0)old 1

2o+ A estodof skal, NPV ol & (NPVLO)ol® 1 FxQrs 7]7kske]
of 3t} NPV7F A&3) 0olabd 1 E=xkels:

AL AL A LAL P}
o 2 ol

E AR YRR 27 FAG ol AR P b
A 87 Mol EEAZ R SN WiaE Welet e e A

s;‘rﬁ; 71%S A B Aol 1, v & ere] S %o AR A 987 s} o)

LH!?‘ o1& (IRR) S oW Ex}qle] wlg 2y &

A5 F NPVE ‘0" o] H
A she ddEoln. webd oW FARbe IRRO] 279 ES S7HIRR> 7
TE) R I FARES AfEEolok skal, IRRO] QT elEHTE AT

(IRRKQ T E) 1 FARRL 7|2zt oo 3t}
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" NCF,

by

=0
=+ IRr)

o]
ﬁﬂo”ﬂ*‘l &2 v defda@E@e) e dAZAE vd de FE
§) % ol 1 mlEo] 1o)del™ A Aldetal Wi 1Rt 2ow AL
e AFsHA et

BCRY 37 olai7h Golaknl, Mej-nl g9 BgA7S mejstrbs o),
e 7 Abelel FEdel A (seale) 7t A BE Swe 1

gol Wolsh mgo] Fwol wehBCRo] Wl wgkehaL, ol % rha)
Az FEEA FAL B A AAEE 22 eyl 9

2

Hlg-Re A WA Sshel PR ARel g B A

TEES Attt 4717 1998 HE 20099 7k4] 12l disl 43t
R, slgE w=t AAkEE] = (Office of Management and Budget)2] #H<)
Hl 84 SRIER] 7T%E Agsitt, Ao R ddMA A o]FHAZ F24
of Fx7F Wsgte] wE AR sStrRrEALel did Hels AAsi, H
Soxe ddAANA o]FAA FxE Wstste] WE F7F Xy 9@ )
2 AAstt AuaAe AR & FA7I7R 12339 (1998 ~20094) 8%



<X 5-5> o]FAA fr2Ad Eel whE ey nl g

S
AA R X FFEAAL A E] S

Hel -

O #%%% 33 0 9xx 6l 23 B

O 9 #3 &40 8, 834 9 7|8 J8j6] 8 <88

Axm | D OFUADEN e 2} azug

H-& O o|FAA AZxe) W& 371 29088

S,
rfe

NPV, BCR, IRR 48 sl o|gda F= 73tz <13t B4
Fgstel A T8 At ot ol FAA T2 o
O Ak 7EA 7 20t

T2 e ejg Al TR RN AR O g oR

o Sloluk o) 2 Al Fri el Al o) 2] A
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AZE HeolE= va <E 5-6>3 Zrh ddvIgbeet vsold @Ags fEA
e

At A 597013l o vt sk fEAY] VEsse o
B2 18,87370130 3L, ol whE vlsol A BT fFEAd AbardAniEe] o

o
B 0.32%%2 FHED

< 5-6> vl=rol A A 24 AR eAu)E

A% 24 At F2A 71335 At A o] &
1998 104 16,841 0.62%
1999 92 17,279 0.53%
2000 111 18,535 0.60%
2001 95 18,387 0.52%
2002 55 17,320 0.32%
2003 38 18,503 0.21%
2004 35 19,316 0.18%
2005 37 20,118 0.18%
2006 38 20,391 0.19%
2007 42 g 4205699 0.20%
2008 34 i 20,096 | 0.17%
2009 o8 | 18,991 I 0.15%
e 59 18,873 0.32%

25 g A wEHF IAFY (Department of Transportation Maritime
Administration) 2] 3| FEAAE

U502 TESF Y FE38ES ok fskel. 19904955 20099 7HA] =
A7 298713 (IOPCF, International Oil Pollution-Compensation Fund)
o o8 FHE At FAE BAs T viseld BT fFHFAEAL T

FEFol 7HE wokd Abazel thek AtelE AR vs <2 5-7>3 #Zh

m dlo

T RIAAILRIESE AT A AU FIuS huiia SYAN G 719



< 5=7> vlFoA WHASE 8 §FFEAML A

EE 2 o = 5 ql
s T AaRE FTE=T =% Azdal Ast 4
GD &) oz Hl &
T/V y
00.06.08. USA Coastal 27,533 192 T= $58,835
POSAVINA
M/T NEW -
01.09.22 USA Coastal 56,311 162 Aurz= $110,645
AMITY
F/V. WINDY ~
01.08.06 USA Coastal 405 114 = $3,396,397
BAY
T/B PINEY ~
05.11.28 USA Coastal 1,675 102 = $21,175
POINT
ARSCO I 06.02.05 USA Coastal 101 41 AL $98,454

A A SR
AFiL 163700 tjste] FE

F(GD® 7 Ao 8l=
=]
O o o
o #74E AT A FES

Askdch. 2 A3 vl
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o] 7] wiEel 1990ds 71HoZ Hadt 24l dFRrrEd AAL
o) FAA Fx ¥ QA% avely & 5 Qv

wEpA B AT v)=e ddAdA fFRA HES oA f3AY =

o2 7Hgsta, mloelA AAZ HEd dddAd fFxAe arE H5 9 FA)

ZTHEDOWD e st A A=

8) GT(Gross Tonnage) : FE5. Aure] FEF S0 st HFolA 98 dute] Wy -3
o] $HES



T2 (OPA 90)3ke] o] T A Fx4d AA e #42 tha <3E 5-8>

o] 47FA] A7le] wel o] TAA FERAE B

%7?_ 4] 07\/\1/] /\471” ﬁquo Ez—,ﬂ o]%/\ 2]

= [¢

| 59 20lE el 17 T

T =2

At} 4744 @716l gk of
%A s A% uheke] os)

[e)
T !

[oXKe) P~
NI ] L

o

KE 5-8> TV WE oA SF2A BE

2= = AE 4 Ag 33 AA A5 AA b=
(meters)  (meters) A A4
Product 40k DWT+H 2.0 2.0 2.0—2.42 2.0-2.18
Aframax | 80k DWTwH 2.0 2.0 2.0-2.28 2.0—-.63
Suezmax | 135k DWTH 2.0 2.0 2.05-2.7 2.58-2.8
VLCC 250k DWT+ 2.0 2.0 2.4-3.6 3.0-3.2
Z}+& @ National Research Council, Environmental performance of tanker

designs in collision and grounding, 2001.

o) §R0 QY (OPA 909 i qlel wAH, HEe) e g wel o
ol Adz NEE dOaA f2He f2del A7)s AAESEOWD) o
mel ArHe geh)d og <E/5-9>3 2k 19944

HEE 200997HA HE
d e dAd x4 Hg4es 100301 AAlsHFEDWT) > 7,106,3281DWT
olt},

2] X
42

- 4
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KE 5-9> v|FoA HEY dAdAA Fx24 24 9w AQEHEDOWT)

Product Tanker Aframax Suezmax VLCC Tanker

d= | (40k DWT) Tanker Tanker (250k DWT)
(80k DWT) (135k DWT)

A4+ DWT 4 DWT #H$ DWT 34  DWT
1994 | 2 66,764 3 255075
1995 | 6 236,251 2 164,194 2 277,405 2 330,146
1996 | 7 241,034 2 146,109
1997 | 4 37938 3 217,765 1 122,249
1998 | 4 143,037 1 78093 3 364,924
1999 | 4 41,465
2000 | 4 133452 3 211,827 2 533,180
2001 | 1 39973 2 141,555 1 176,405
2002 | 5 195324 1 176,405
2003 | 6 225489 122,759
2004 | 3 114953 1 91,393 1 = 138,698
2005 4. 366,467 14 214,855
2006 | 3 112,215 o'/ 879,221
2007 | 4 177,181 w 2. 382,944
2008 | 4 154,892
2009 | 2 79,838 : B B ofagsh
#4 | 59 1999806 21 1,672,478 8| 1,026,035 12 2,408,009

A5 v AW wEH- ALY (Department of Transportation Maritime
Administration) 2}, 3| E A=

GAAA dnl o)A T2 SF-FE RIS fi S HAES 2001dFH
20087k wl=r sk dle] of& ZARE A Auke AAbae] AFAER
ojsl] =8l 37324 (tobit regression) & A% Yip et al.(2011) 2] A4

= ARESRlTh AutAln® Qg {7 fFEFO]l ARDEAAIH(AR), vk A

W
4

#? AEd, 38

g

[¢}
e, =), ), Ak ARk AN (R, v, Aue el (ER H), A
a7 vge 449
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7 OREYY 62%, FxAd

207k BEBAE R AAAAL, AIAAL FA R 1T WF AR

AL A [ (WTI, West Texas Intermedlate)«] i 7H = AREsklth

olF A Tz oFIE A F HA AL HGFFHE A AYoer <l
kA3t W ooxx v A=zl Aot o] otd fRfrEwFel ek Y3t
oo 24 v ES AEToREN oS FAT ¢ Qv Al A HelE oY
9 g EANE, A 9 Ve gEin] g o elo] Slth st W e xA
Hl-§ A7 Ao mprA R quE fFRfEFel diE vEs AEFToEN
Awols F4E + Ao

SFA BZJOﬂH A AA W s YRR E dGE A TR E
AbLE A f2A AfRE QA e sjigaRaEe] st s o
T AU o]FAAR A& E FEAILE AWToEN TR ] L=
o 9 #FEANE, HEA W e gajul g uE = Qlh

Vanem et al.(2007a,b)& Jean—Hansen(2003), MecCay et al.(2004),
Etkin(2004) ¢] A5 1elake] Apsj3Ad gl 34 w82 Fsiul g9 1.5
Hidls A sk mebA frafrEel] g S8 3Ll 2500t =
A7 2 A B = (IOPCF) & vl ol _sleh 7 L@AL T B & 347152 =
I 2t

A3t @ oz A] H € (CC, clean—up and preventive
measures)+°] & 0] &+ I F I B] 8 + 37 2 9] S n] L+

SHIE(TO)

e
= A8 @ PR HL(C0) X 2.5
2 ApolNE Aot g oz veE S Sl gola o) of
A 24 Pxo] BB duE §ReEg B £ 7
3} 7]

sk B FARDITDOA I 1Y P12 A

o WA A% FH AL B

of ©hal chepst A7st ol Foid gtk
NFAA T2 oTekel A BPY BAL g4 Hg Fad dee §

frEAbaLel ik ARREAA Bl @A W gol7] el fRfrEAkaLel tigt

do
o
2
:10
e
2
=
r
off
s
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Aol 7V Testt deng 4 A@%Xﬂﬁ, 734
Hlgo] BF F3E FHlE Il #d ZA A F(IMO) ¢ Ak E 7}

(FSA) 71& 2 dFoEs the <E 5-10>9] YeERd Al 74 7}F 0‘4

A48 g

ftjo
>
NI
=)
Ir

Sib g = f (FED
FSA Criteria FHlg = 54,000 -V
Kontovas et al. (2010) FH] g = 33,425 1%
Skjong et al. (2005) ZH)E = 40,000 - V

FARPAF7HESA) = sfieF b 4 i A ool Add 9
sta ol st 9EE FAARAIZI7] Qe FAIALZIF-(IMO) o] Hete] v]g-2 o
= F7retr] f1st delAola AAAQ AP o7 FASAIEIMO) o of&f A&
NERATHAMO, 2007). 32 FAF7HEFSA) FH € A7+ F5F U] F
H-§-8] Farnl&el =9 54,0002 20, itz dlstE FhjdS At
=35l7] fleto] ARgskal St

Kontovas et al.(2010)& FJAFFLIARAA7|FAOPCE)l <93 FH¥
19764 2006W@7FA] @Ast {EARIL 9131 F ©]/kA| (outlier) & A & st
837l tisi F2bABIHESA)S Aol wEt FEF vl 0|89 B wrn
S5 AEsslen, 1 d¥= 29 38,4252 Sl

Skjong et al.(2005) HAH oz AE 7Hsdt FRAE vE&7IES st
7] S18to] 40709 A el Wk s f-F =4l 30071 ool diste] &=
v Fa FRlEs ATFsIt-A B 2 }HlES THEste] A &

% EY B A58 88 e <E 5o Ak
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A4 FEF T I3 & Aol 2 38 &
5 $1,300 7%
ot 2l 7t $3,800 18%
otz g7} $3,900 18%
L Aol e} $6,900 2%
4 $13,100 11%
ol 2| 7} $24,000 19%
opA|o} $33,300 24%
VR FARAE $15,900 100%

7he®l A o (Weighted global average) & &% E9 °F 15,9002 %
o, FHEL FAFFLARAL7] (OPCE) 9] /A vl &
AHgEte] R8-S AbES d¥ E9-40,00028 Stk vl S
7he] =% AsHEL 24,0008 24 FH 8-S Eatdd 60,0008 2 FSA
71! 54,00098 5 =93t}

gz d851 e GYHAAE LITAA FRE vHd B¢ AE ks
St v ol o

A AA, olF A Axe| wE GdAA b F7F AxH| o] ok vEHA
79193 (NRC) 9] HaAle] M= @AM div] o]FAA Fx=42 4 1A=
H]g-o] 9~17% Z7}3tch,

<E 5-12> ol AAl FxA SUHE dFnE

bl
Size Range ‘Bqu\\ ing 1
= Hull WT %
&5 &k DWT) u % !;:ﬁg ) (%)
649 64 9.0

($/DWT)
Product 10-60 713
Aframax 60—-100 400 343 57 16.7
Suezmax 100—200 337 288 49 17.0
VLCC 200+ 268 233 35 15.0

A& 0 NRC, 1998
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T A, o] AAA e wE ddAA oin] F7F :GuEo] Qlth v
TALI (NRC) & BHuAe w=w A oy oladA] F24e 4% &9
H|-go] 5~13% Z7}3te},

<E 5-13> o] A fx249 S7hd &9 &
Single Hull Double Hull

F WT, %
TR ($ housand/year) ($ thousand/year) GHDTED) | (6D,
Product 3,035 3,430 9.86 13
Aframax 3,584 4,050 5.18 13
Suezmax 4,212 4,675 3.31 11
VLCC 5,845 6,137 1.04 5

A5 NRC, 1998

Hste] (g kA A iEs oA = (Office of
Management and Budget) &] HJH]-§F4 &2l&Q
717k 1998 F-H 2009 7hA]
olF A Tz oF-3ke] ot
of w2 FR7F7F AL, F WA,
X*OPoﬂ‘ﬂr npR|Ero 2 o)k gl TE A
A BAA v gl oleAdAl

s

H-E 2009Lﬂ77}xl 129 7|3bEst AAlR
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g3k,
o FRAE U A% W gEA vEe LTS FuIEL w3
Mg gste] the Al 7 FHIE BA oa AEd Fug THL A

oo I
%" e &
2 HE dlo

YA Avheg] @ (Optimistic  Scenario), H%E AlU#] 2 (intermediate
scenario) 181 HFZ AJug] 2 (Conservative scenario) @ Al 71#] Alve
_]

2o figl] FA4S sk e I AU es o <3 5-14>9F )

<L 5-14> AUgl e v & —HRA 7)&

AluE 2 A Zu & 34
$84 Ay TAAHG = 08 = 54,000 - V
RS AYge s 0% = 40,000 - V
By Ay Brl & THE = 33,425 -V

A4 A3 (NRC) 8] 47HA] Adk=z]el] dg oz A F=x
S7HE dxulg 9 gu| &S AEste] A ST
v o8 v §-He R4 o) At <E 5-16>9 At} o] AA) 7=
sho] tidt vl g-EREH Ay, FAA] T IMO) & 32 FdE 7H(FRA)
g3te] Wl FH| g5 AMESE YHE Aygeo] B¢ H)S oF 4
o] 8327w = )l B Rl H|s] 19 21857 a7} Wk
Aol e A0E YT 74 % [RRY
23} 99 HZLE 2 Jula TA] L9 AZ 3 20] waldle]
T ool EzbsAo]l Wl AAER EoAFol = IRRS
= V+F Bird E% Alte] 9 o] A=
© Zoz vebgth &% div F6eS
B9% vEht AAA Bl gl A

O N
o
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<E 5-15> Ay ey ng-—HoJRA Ay}

Ay L TE >343%
25 el o g
o
R NPV $405,122,642 $ 283,270,158
AL
BCR 1.43
25 el o g
By
NPV $ 300,633,688 $ 283,270,158
Ay L
BCR 1.06
v Aol Hlg
HE4F
NPV $251,561,197 $ 283,270,158
AL
BCR 0.89

Brown and Savage(1996)°] A8} # A5tol] gk v §—\Ae A das
Bl wdtd oS <E 5-16>3% Zt}l Brown and Savage(1996)= Azl A 7 A
7 A 4 (ex ante economic analysis) & F 1994dHE 2014d7k4 20
dol 717k sl 7%9) EqRNES AR T FASI T B 2 ATE AN TE A
AA et 24 (ex post economic analysis) 2 1998dH-El 20091714
129 7|1zte] disf| AFAEE sl AN H, 7€ A9 vEA R
%2 TA&E AHE-HAT.

Brown and Savage(1996) = 934 Alt}g] 2 (Favourable Scenario), H%
Al 2 (Most Probable ‘Scenario), X2 Alyt2] 2 (Unfavourable Scenario)
o Al 74 Ay eE AAla, FEoelE KRk 9 Asiel g, 844
| ajn] g, A3 A A A H]E A3k Hoo dalo] =Ll ATt lFelE =5
7158 A ARE AR o® Al 7HA Ave] e tiste] fe® A sl
ATAM = fFRTE o B A EAVIFe] gk A AFAE
sto] =&AL, e FTHIEY AF FAMABIVIE, R dy
&2 o] Al 7HA] Fu] g2l sl Al 7HA Auel s A7 st
t}.

H]g-°] 7§ Brown and Savage(1996)% 1991 vw]=d+29]¢3] (NRC) 2
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HiAe] wet dukel F37]2 38k DWTHQ A27F%, 77k DWTHS 311,

234k DWTHQ! difE=E St on, olaMAe & F7F 1dxv 9@ F7}
$odn] sk 1991 u]FAT Y3 (NRC) S HuAle] wE ZAzle)] uje} 4]

sholth 2 AFelAE 20019 v HATHL3] (NRC) S BaAe] Auk 77 7]
Fo wgl 40k DWTH¢ Product, 80k DWTH¢ Aframax, 135k DWTH¢!
Suezmax, 250k DWTH<® VLCCE T-Estglon, o]FdAe wE F71 1z
Hl 2 F=7F 98] S 2001 w5 AT 93] (NRC) & HuAjelx HA @
AAeb o] FAAL Az g YW *Pu &S v AT A ut =&

2

ABATAA nHd vg F5 F o]lFdAe AA s 7
S F7F Adut Azxn] 9 olFAdA ] AR Thsd R il w
LGBl B AFoA ALsFA Tt 1 o]F= Brown and Savage(1996) 2]
Al olFHAE F27F HAEHEA T4 2me (HAS FiL
H (cofferdam) &I =2 Qo] AAe A 753 Bt 74
olx I F QI Azt oF 203L] fFAs FIHE ZiEOHohi‘ﬂr 78R ot
AAZ oA Fx7F st olF o|F A AATHFE=TFDOWD) 7 T
AA A a8l F7EskaL o] ol whekro] A ) & 4l LZﬂ H| 7} 57183l
wetbs F7FE AP zH|E AAkeE dEjellA F7F Bt dxn] 9 37} ’L‘#
TG E 1T olFAA F 7] el Aol Akt g
Brown and Savage(1996) 8] A-FeA o]FAA|l & oF-3t2 <Qlsh Aur Hx
H]g-9] F7lel wE A5E4n] 4 (Deadweight loss) Sl A5 wid & 14¢ 2 F

wopE g 2 82

AA90N Akl A% AfeE 7 MOPEOS A A 5 o A4
W] FAAA el W Szl Wi 5o g3t el w, v
§2 AxsAv7] A% Wi ARGl ek glons T gl

A717F, el gl u)go] FAH e glojA zpolF
O F 3 AAA A Avel uigt A ghe] Ao
W32 Brown and Savage(1996)«] BF 7 7
% BCRO] 0.46°.% sojo] n| g2 Awglef] x| gkl Zof nhal] & 159
VAN T 93E AvE A BCRO] 14307 olFAdAl Tx9 oF37}
BAAA etdAol e Aoz e

N
-
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<3 5-16> AAZA g 4 A3 v
& Brown(1996) 9] E A3
A0 AR AAA B A AR AA A el A
BA7|7h 19941 -2014d(209) 19981 —2009 (127)
Elik-y 7% 7%
HZX 739% 1004
Hol TG HE B4 TG HE B
($millions/A) Al 2 Al 8 Al 8 Al 8 Al 8 Al 8
& o
e e $0.06m $0.05m $0.03m $0.02m $0.02m $0.02m
R
48] g,
3 Au)E,
AbE)74 4] 8 $5.48m $2.23m $1.37m $4.03m $2.99m $2.49m
A7
Z HY $5.54m $2.23m $1.37m $4.05m $3.01m $2.52m
ulg RS RS LRCES R HE R
($millions/&) | A} AvEle | AvEe | AvE Ak e Ave e
7k Adut
Az g $7.09m $7.46m $7:83m $2.68m $2.68m $2.68m
Z7ha vt y
PN $2.70m $2.70m $2.70m $0.15m $0.15m $0.15m
Z7pdut
Az g $1.21m $1.27m $1.33m
Z7pdut
somg $1.09m $1.09m $1.09m
A& E $0.01m $0.01m $0.01m
Z "% $12.10m | $12.53m | $12.96m $2.83m $2.83m $2.83m
NPV —$6.55m | —$10.30m | —$11.59m | $1.21m $0.17m -$0.31m
BCR 0.46 0.18 0.11 1.43 1.06 0.89
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B oA REA oFHA TPx OVE £ slFedrie §o8 o
e FAel Ud Chow a4 A% AA By AL sy 1 %
Aol

Zdel Widt o]FAdA &2 53t el

[e)
T
3011*1 A WA ol dFRFAEF dad FAT ITFE A=

20097k o] 713t tisl]l Chow ©HH HS
PS8ty flstel ADF "5 PP A
, &AL 715 (NUMBER) ¢ A5 4 %= ADF_zFolA -4.9672 1%9
oA 71ZtEo ©eo]l EAEHA SE FOE HENRCoH, PP AF A
T -4.2472 1%9 freaEolA 717 E o] &elol EAlEHA gk A Al
ALz Yetstth 523 (VOLUME) 8] #5424 ADF AF°lA -3.410L0%
5%2 freTEelA 71aE @9e] EAHA] e o2 YEta, PP A
SAME -3.394% 5% FoFFolAl 712 E e EEH Q) AAYER UEFE T
weba] 2 ATeAE YA Am FEARL A7 (NUMBER) 9 §&%
(VOLUME) ¢ A& %5 Alg-3ke] Chow e AZS AL&slols B4 513t
Chow &3 774 ZA¥, Chow 8 AT SAT Fakol 4.4892% 5%
ojgFolA] o] EASHA Yeths ATl 71ZbE Qleh webA 19801
oA 200974 9] 7|zl Al w5 fR29H(OPA 90)o] waw o]¥<Ql

:i

1991d0] SlFfFREST AWHFHEALY HAAS gujstt Row ¥
eERE
thgow olFaAl Eglo) AANE A5 skl v g-AEAE AN

Atk EAHoRE SRV (NPY), WFelEARR), #HeHE HlE
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(BCR)& 3l ASRYE AL $4712e 100990 200067H 12
o U
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A

BAAA Below= A WA, FRFFE AL ol wE FF7HA, 7 HA,
FHE 43 9 oA vE A3 "ol AAslt A eoR o] 4
F EANE, A 9 Ve 9an]g odaels stk A4 v Eelle
o] FAA Axel wmE F7F AxH R 9 F7F 2P E HAsA
5 A sk A7, H3A Algel el Hel oF 49 5127 g oF 29

o Blaf 19 2185%F E&j7} Bekom BCRS 1.43°% 4

Bt AAlA BrdAdol sl AR yEEt BE Alue oA BCRo] 1.06
o AAA ggdol e ZoR veson, WA Alue] oA = BCRO
0.89% A4 BFAol fle Aoz E45 30

H = AN 9l 24713, e Bl v g9 FA4e glojA Aol o <l

A¥} kel #pol7b ZARE, BCRe| tislifA] vl a|® A Brown Savage(1996) <
AT A G Ay oA R BCRe| 0.462.% #olo] H[ES] Hyte|:
PR A] FgE Ao Rmbel], 2 AFelde HGiE, BE AlugolA BCRel Z+7
1.43, 1.06 22 Yehy AAA e olle A o2 eyt
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st glolA SRR REALe Beld AFd BAL AAsA SA o
QHA Y WA HE ek W AAFIEFOWDE o FHA EUSE s
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